ABSTRACT Injury is a major global disease burden for the twenty-first century. There are, however, few studies of unintentional household injury in Asian urban settings where living environments are characterized by extremely compact, high-living-density, multistory apartments. This study investigated the association between nonfatal unintentional household injuries with the resident's sociodemographic attributes and household characteristics in Hong Kong, the city with the world's highest population density. A cross-sectional retrospective recall study was conducted in May 2007 using a random telephone survey with a modified Chinese version of the World Health Organization Injury and Violence instrument. The study sample included 1,001 noninstitutionalized Cantonese-speaking Hong Kong residents of all ages, including foreign live-in domestic helpers. Multivariate regression was conducted to identify risk factors for nonfatal unintentional injuries in Hong Kong. Among a predominantly adult sample, household size and time spent at home were not associated with nonfatal unintentional household injuries in the general population in Hong Kong. The multivariate analyses indicated that female gender, owners of private homes, lower square footage of living space per person, and those with slip prevention devices in the bathroom were significantly associated with household injuries. Injured and noninjured groups were found to have adopted different injury prevention strategies toward household injuries. The results identified potential target groups for household injury prevention programs.
INTRODUCTION
The Global Burden of Disease Study reports that 10% of global mortality is due to injuries 1 and unintentional injuries, representing the leading cause of death among young people in developed countries in the West 2 and Asia. [3] [4] [5] [6] Research has indicated that at least 41% of these injuries required medical attention. 7 In addition to the direct medical cost, nonfatal unintentional injuries also incur a large economic burden for the population at large due to lost work days, 8, 9 insurance costs for extended disability, 8 absences from school for children, 3, [10] [11] [12] and high emotional burden for caregivers of those with severe or long-term injuries. 13 Past research has shown that individual-level risk factors for unintentional injuries include very young and very old age, 3, 10, [14] [15] [16] [17] gender, 18, 19 marital status, 19 lower socioeconomic status (SES), 2, 20 lower educational attainment, 14, 17 unemployment status, 17 parental behavioral factors such as alcohol use, 21 sleep patterns, 14 inappropriate safety equipment use, 22, 23 and risk perceptions. 24 Housing-related factors such as dimness, clutter, and structural disrepair 14, 25 as well as neighborhood characteristics such as SES indices 26 and rural location 19 have also been linked to higher past-year injury rates. Epidemiological data of unintentional household injury in Asia urban metropolitan areas such as Hong Kong, characterized by highrise building, high density living, are nevertheless limited. 27 The majority of population-based household injury studies have been conducted in industrialized countries in the West, where populations typically reside in suburban single-family houses or among slum-dwelling populations in developing countries 18 or in agrarian populations. 19 Moreover, previous studies in Asian urban settings have either focused upon specific population groups such as children [3] [4] [5] [28] [29] [30] or specific injury topics such as falls in the elderly or burn patients in the emergency wards. 18, 31 There is a dearth of population-based data for investigating the association between the sociodemographic and environmental factors with unintentional injuries in urban households of a densely populated industrialized area. A previously conducted study limited to Hong Kong children under the age of 16 revealed that male gender was a significant predictor of nonfatal injury among children, 5 yet it was unclear whether living density and duration of time spent at home were significant predictors for such injuries. A recently conducted survey of nonfatal household injuries among the general population of Hong Kong revealed that in the 12 months preceding the survey 40.2% of respondents reported an unintentional household injury and 30.9% reported more than one episode with contusions/crushing injuries (60.4%), open wounds (20.4%), and burns/scalding injuries (12.9%). These were the three most commonly reported injuries. 27 The vast majority of respondents with injuries (90.3%) did not seek postinjury treatment from any kind of health professional. 27 Using the same dataset as the above-mentioned study, this investigation examined the patterns of unintentional household injury by investigating whether the predisposing living characteristics such as living density, housing type, size of living quarters, and amount of time at home are be associated with nonfatal unintentional household injuries for the general population. The results will provide evidence to assist public health planners in tailoring appropriate injury prevention programs for urban residents.
METHODS
An anonymous, population-based, cross-sectional telephone survey was undertaken in May 2007, using a structured questionnaire to examine the past-year incidence of nonfatal unintentional household injury in the general population in Hong Kong, as well as the characteristics of risk factors for such injuries. A modified Chinese questionnaire based on the World Health Organization's  Guidelines for Conducting Community Surveys on Injuries and Violence  32 was used for data collection. The questionnaire was translated into Cantonese(the local dialect in Hong Kong) and questions in the original version that did not apply to urban living were deleted in the final modified questionnaire. A pilot study was conducted to verify the instrument's reliability. The questionnaire had a high 1-week test-retest reliability coefficient of K coefficient >0.89. Nonfatal unintentional household injuries were defined as those injuries occurring within the confines of home, including all common areas of the residence (such as exercise rooms, stairwells, car parks, and common entry ways). 27 This study excluded any intentional injuries such as interpersonal violence, domestic abuse, child abuse, self-inflicted harm, or crime.
Data Collection and Instrument
The telephone survey sampling methodology was published in detail elsewhere. 27 In summary, random telephone numbers were selected from an up-to-date telephone directory. Telephone calls were made by trained interviewers from 6:30 p. m. to 10:00 p.m. to avoid overrepresentation of unemployed persons. Respondents were selected by asking a Cantonese-speaking household member (which included live-in Cantonese-speaking domestic helper), whose birthday was closest to the date of the interview to participate for each telephone interview. Parental consent was obtained for respondents under 18. For respondents who were younger than 15 years old or those with difficulties in communicating (e.g., mentally handicapped individuals), proxy responses from a family member of the chosen respondents were accepted. When necessary, the interviewer would consult another family member to clarify answers from the initial respondent such as information about health service costs for injuries. Each interview took approximately 10 to 15 min to complete. For unanswered calls, at least three other independent calls were made, before considering the numbers to be unanswered. The number of residents in the contacted households, whether able or unable to be interviewed, was recorded.
The anonymity and confidentiality of responses were ensured; an enquiry hotline telephone number was provided and maintained during the research operation to handle enquiries regarding the survey and other issues related to the study (e.g., verification of identity of the interviewer or making an appointment for the interview). All telephone interviewers were trained to conduct the interviews in Cantonese. Verbal informed consent was obtained from the respondents, and ethics approval was obtained from the Ethics Committee of the Chinese University of Hong Kong. A total of 1,762 telephone numbers were dialed with 196 unanswered and 128 invalid. Among the 1,438 answered calls, 390 refused, 47 accepted but did not complete the interviews, and 1,001 respondents completed the interviews. The final survey response rate according to answered calls was 69.5%. Figure 1 shows the study design algorithm.
Variables
Outcome Variables. Unintentional household injury was defined by injuries that occurred within the residence and were sustained in the past 12 months. The incident might or might not have modified daily activity or required medical attention. Respondents with any of the seven major categories of injuries were asked about the details of the injury. Injuries were classified into seven major categories (Table 1) : (a) sprain and strain, (b) fracture, (c) cuts and puncture wounds, (d) caustic and poisoning, (e) contusion and crushing (including falls), (f) burns, and (g) all other injuries (includes rare injuries such as electrocutions and animal bites).
Information of the potential risk factors associated with the household was collected. These included sociodemographic and background data (age, gender, education, family income, occupation and employment status, and medical insurance coverage), general living arrangements (i.e., size of living area, housing type (public, subsidized, private, rental quarters)), average hours spent at home (per day), living density (square feet per person), residential characteristics specific to Hong Kong (i.e., type of floor materials which include plastic, wood, marble, brick, rug/carpeted, and cemented tiles), presence of stairs at home, the presence of bunk beds, presence of window sills), individual household characteristics (regular presence of sundries on the floor that may impede traffic, presence of exercise equipments at home, whether the household required repair or maintenances), use of injury prevention equipment (such as bathroom slip prevention tools), and the availability of self-treatment device at home (unlocked medical box and first aid kits). The instrument also asked about potential personal risk factors for injuries (use of eye glasses, mobility problems), chronic diseases, self-reported chronic medication, and regular alcohol use. The study instrument also collected the information on the health-seeking behavior for injuries but these data will be reported elsewhere.
Statistical Analysis
Descriptive statistics, stratified by age and gender, were reported on past-year episode-based incidence of various types of injury. Univariate logistic analysis was first conducted, using the most recent household injury episode as the outcome variable, to identify significant associations with socioeconomic factors, living characteristics, underlying risk factors, and preventive measures taken at home. A 
TABLE 1 Seven major categories of injury examined in this study

Main categories of unintentional injuries
Sprain and strain Fractures Cuts and puncture wounds Caustic and poisoning injuries Contusion and crushing injuries (including falls) Burns and scalding injuries All other injuries (includes rare injuries such as electrocutions and animal bites) stepwise multivariable logistic regression was then conducted on variables with at least marginal statistical association in the univariate analysis (pG0.20) in order to determine the independent associations with household injuries. Further subgroup analyses were also performed on the most prevalent subtypes of nonfatal household injuries and the injury prevention methods adopted by respondents. All statistical analyses were conducted using SPSS for Windows version 14.0. (SPSS, 2006). Statistical significance was set at α=0.05.
RESULTS
The details of our study respondents 27 were generally comparable to the Hong Kong 2006 population census. 33 When comparing the injured and noninjured respondents, significant differences were found for gender (pG0.001), age (p=0.003), family income (p=0.025), insurance type (p=0.007), and number of family members living within the same household (p=0.037) and having taken precaution, meaning that the respondents have utilized safety prevention equipments in household (as shown as the list of prevention methods in Table 3 ) to prevent household injuries (pG 0.001). No differences were found for living characteristics such as living density, living area, and housing types. Table 2 shows the comparison of sociodemographic characteristics among injured and noninjured study sample as well as the general population.
Factors in Association with Unintentional Household Injury
The univariate and multivariable analyses of the factors significantly associated with unintentional household injury are shown in Table 3 . The unadjusted analyses indicated that female gender (odds ratio (OR)=2.26, 95% confidence interval (CI) 1.74-2.93, pG0.001) was associated with a higher likelihood of injury while age 60 or over (OR=0.46, 95% CI 0.29-0.71, pG0.001) was associated with lower likelihood of injury. Educational attainment of a college degree or above (OR=1.55, 95% CI 1.04-2.31, p=0.03), residing in private housing (OR=1.46, 95% CI: 1.10-1.95, p=0.01), and having a bunk bed (OR=1.30, 95% CI 1.01-1.67, p=0.05) and exercise equipment at home (OR=1.69, 95% CI 1.16-2.48, p=0.007) were significantly associated with injury in the unadjusted analyses. On the other hand, living arrangements such as size of living area, income, and time spent at home per day were found to be nonsignificant risk factors towards sustaining unintentional household injuries. Of note, the installation of slip prevention devices in the bathroom (OR = 1.81, 95% CI 1.40-2.35, p G0.001) was also significantly associated with a greater likelihood of injury in the univariate analysis.
Variables (with pG0.2 in the univariate analyses) used in the multivariate analysis included: gender, age, education level, occupation, housing type, time spent at home, floor types, having a window sill, bunk bed, misplaced objects or obstacles on the floor, exercise equipment at home, mobility problem, and installation of slip prevention devices in bathroom. Multivariate analysis results indicated that only female gender (OR MV =3.10, 95% CI 1.99-4.84, pG0.001), living in private flat/ house (OR MV =2.26, 95% CI 1.27-4.03, p=0.01), and installation of slip prevention devices in bathroom (OR MV =1.93, 95% CI 1.23-3.01, p≤0.001) remained significantly associated with a higher likelihood of nonfatal unintentional household injuries whereas having greater square footage of living space per resident(OR MV = 0.20, 95% CI 0.05-0.82, p=0.03) was negatively associated with risk of past-year injury. This may imply lower living density may be protective of incurring household injury.
Tables 4 and 5 compared the pattern difference of injury precautions taken between the injured and noninjured groups. Overall, 24.5% (n=241) of respondents had adopted some active form of injury prevention, but the specific time as to when the prevention took place was not recorded in the interview. Our findings indicated there was a significant difference (pG0.001) in the uptake of injury prevention effort between the noninjured and injured group. As shown in Table 5 , results indicate that the injured group (85%) was more likely to rely on themselves ("to be more careful") than the noninjured group (50%).
DISCUSSION
This is the first study conducted in a Chinese community which examines the associations between sociodemographics, living density, size of quarters, and housing type and the pattern of occurrence of nonfatal unintentional household injury. Our previous study discovered that the incidence rate of event-based nonfatal unintentional household injuries was 40.2% within the past year (12 months). While a previous study of nonfatal household unintentional injuries in children aged under 16 identified boys as more likely to sustain injuries than girls 4 and had hypothesized that living density and hours and duration of time spent at home might be significant predictors for childhood home injuries; our multivariate analyses only found that females and populations living in higher-density residences are more Among the respondents, 241 numbers of respondents had reported some preventive strategy to prevent injury. Seventeen persons responded did not know and one refused to respond
DOES LIVING DENSITY MATTER FOR HOME INJURY IN ASIAN URBAN SETTINGS?
susceptible to nonfatal household injuries. Duration spent at home is not associated with home accidents in our study. The discrepancy of our results with the previous study might be due to the difference in injury definition as well as the difference in the sampled population since our study focused on the general population instead of children under 16 as in the previous study. Another potential explanation for the demographic pattern difference between younger age groups and general populations may be that risks to unintentional injuries are associated with developmental stage or age. 34 In addition, contrary to the hypothesis that public housing, which tends to have a higher living density and constitutes about 31% of the living arrangements in Hong Kong, 33 may be associated with higher injury rate, our findings suggest that public housing, as a housing type that is characterized by greater structural size, uniformity in interior design, and regulated living density, might be more robust in injury prevention than private housing which tends to be more diverse in design and living density. Of note, related to living density, findings suggested lower living density appeared to be protective of incurring nonfatal home accidents.
The difference in injury prevention strategies adopted between noninjured and injured groups indicated that a variety of injury prevention strategies 35 should be designed to target household injury risk perceptions of the general population. Local public health researchers have long noted in work 9, 36 and school 30, 37, 38 settings that high-risk individuals 31 do not always use safety equipment or engage in preventive behaviors. There is also some evidence that low-risk perception 39 and low levels of safety knowledge 40 contribute to accidental injuries in Hong Kong. In addition, a number of previous studies have affirmed the cost-effectiveness of injury prevention programs in terms of their capacity to prevent high morbidity and economic costs. 7, 20, [41] [42] [43] [44] [45] [46] These benefits extend not only to primary care but also to emergency room and hospital admissions. Nevertheless, when examining preventive strategies adopted by individuals, our data found that the noninjured respondents had reported a more extensive range of measures than the injured group, and an interesting pattern emerged of accident-prone individuals being more likely to quote "taking care of themselves" as an injury prevention method. Our findings regarding the installation of slip prevention device in the bathroom may reflect the cross- sectional nature of the study design as it is unclear whether the devices were installed before or after injury. Further studies might be necessary to understand what factors affect the pattern and utilization of household injury prevention measures and, perhaps from a public health perspective, the real effectiveness of these measures.
Information Bias
This study has a number of limitations. First and foremost, the episodes of injury in this study were self-reported and unverified. The results were subjected to the respondents' definition of their injuries and their subjective assessment of the degree of severity. In addition, the most severe household injuries which lead to death were not captured by this study.
Recall Bias
We acknowledge the limited time available during telephone interviews, which allow only the most recent episode of in-depth injury experience to be examined. To address this issue, we have reported previously 27 that we have revised our survey using simplified body parts, instead of the original, clinically based injury coding (International Classification of Diseases 9) used by the World Health Organization questionnaire, when enquiring about injury patterns. Our findings illustrated that although constrained, the methodology still enables a reasonable scope of relevant information for health promotion and future research planning of the subject area. Regarding recall bias for a period of 12 months, we have to acknowledge the potential recall bias towards some minor injuries that might be forgotten during reporting, and inaccuracies in recall may lead to underestimation of the injury rates over the 12-month period prior to the survey. 47, 48 Yet, for those injuries that might have led to health service resource utilization and health care expenditure, we believe a 12-month recall period was acceptable and that any recall bias would be moderate and would be likely to be an underestimation of the true service utilization levels.
Selection Bias
A major disadvantage of a telephone survey is that it might potentially miss households who do not possess a land-based telephone service. Nevertheless, in Hong Kong, almost all households have home-based telephone service. In addition, a large number of locally published studies on SARS or influenza vaccination [49] [50] [51] have utilized this research method and found credible estimations. This study managed to achieve a response rate of 69.9%, which is similar to many of the other local studies that have been published. Furthermore, although our sample has similar gender and age distributions of the general adult population with the local midyear 2006 census data, 33 there was possible selection bias as the youngest age subgroup and elementary occupational group, might be underrepresented.
As an exploratory investigation, the cost and uncertainty with parameters had led to the decision of the current sample size for testing of our research survey tool. The findings would help to refine a large-scale in-depth prospective study and the current cross-sectional study would be inadequate to understand the temporal relationship between risk behavior and outcomes. It is also important to point out that a household injury study would frequently require face-to-face home visits to assess the environmental risk factors (spatial and setting hazards).
CONCLUSION
Contrary to the hypothesis of previous studies for nonfatal unintentional household injuries for pediatric populations in Hong Kong, 4 living characteristics such as household size, density, and time spent at home were found not to be associated with nonfatal unintentional household injuries in the general population of Hong Kong. Instead, our results indicated certain characteristics (e.g., gender, age, living in private flats/houses, and the presence of slip prevention device in bathroom) to be significantly associated with household injuries in the general population in Hong Kong. One of the reasons might be due to the difference in sample population since our study recruited subjects of all age ranges, whereas the other studies only focused on children and adolescents. More focused studies should be done to clarify the underlying reasons for these observed injury patterns, so that community health education may be better designed to protect high-risk groups from morbidity incidences incurred from these injuries.
